1 The hydrogen bonding energy term (n HB l→m ) of the CRANKITE force field
The hydrogen bonding energy term between the amide H atom of residue l (H l ) and the carbonyl O atom of residue m, (O m ), is determined using a distance cutoff, δ , and two angle cutoffs, Θ COH and Ψ OHN . Figure S1: The convergence of the H-bond strength parameter (H) in the ML inference using the CD approximation, when using the hard cutoff model. The insets show the distribution of the approximate gradient for the initial value, H = 4.25RT (left), and for the converged value, H = 4.92RT (right). At the initial value, the distribution is centred around 0.07, while at the converged value, around 0. The standard deviation of the gradient distributions is 0.45. The converged value of the parameter was calculated from iterations 5,000 to 10,000. Figure S2 : The Lennard-Jones type interaction energy function, as implemented in this work (solid line). The 0 energy is marked with dashed line, the excess energy of clashing atoms (E clash ) and the minimum energy (ε i j ) are marked with horizontal dotted lines, and the minimum energy separation R min,i j is marked with a vertical dotted line. Figure S4 : The distribution of backbone dihedral angles in the model distributions using the models listed in Table 1 of the main text (hard cutoff: first row; LJ learnt : second row; LJ CHARMM : third row; LJ AMBER : bottom row). The PDB structures modelled were Left: the training set, Right: an independent PDB set, the ASTRAL PDB structures with SPACI scores from 0.7 to 0.8. Figure S7 : The distribution of the α-carbon valence angle, τ, in the data distribution and in the model distributions with the models listed in Table 1 of the main text. Left: The data distribution of the training set (black curve) with mean and standard deviation 111 ± 5 is reproduced by all model distributions of the training set (hard cutoff: 111 ± 4, purple curve; LJ learnt : 111 ± 4, red curve; LJ CHARMM : 111 ± 4, blue curve; LJ AMBER : 110 ± 4, cyan curve. Right: The data distribution of the training set (black curve) with mean and standard deviation 111 ± 5 is reproduced by all model distributions of an independent PDB set, the ASTRAL PDB structures with SPACI 0.7-0.8 (hard cutoff: 111 ± 4, purple curve; LJ learnt : 111 ± 4, red curve; LJ CHARMM : 111 ± 4, blue curve; LJ AMBER : 110 ± 4, cyan curve. Figure S8 : The distribution of β -carbon atom distances in β -sheet interactions, in the data distribution and in the model distributions with the models listed in Table 1 of the main text. Left: The data distribution of the training set (black curve) with mean and standard deviation 5.2 ± 0.7 is reproduced by all model distributions of the training set (hard cutoff: 5.2 ± 0.7, purple curve; LJ learnt : 5.2 ± 0.7, red curve; LJ CHARMM : 5.1 ± 0.6, blue curve; LJ AMBER : 4.9 ± 0.6, cyan curve. Right: The data distribution of the training set (black curve) with mean and standard deviation 5.2 ± 0.7 is reproduced by all model distributions of an independent PDB set, the ASTRAL PDB structures with SPACI 0.7-0.8 (hard cutoff: 5.2 ± 0.6, purple curve; LJ learnt : 5.2 ± 0.7, red curve; LJ CHARMM : 5.1 ± 0.6, blue curve; LJ AMBER : 4.9 ± 0.6, cyan curve. Figure S14: The backbone RMSD from the native state (a)-c)), and the angle of the helix with respect to the axis of the β -strands (d)-f)), as a function of the potential energy for all sample points (black) and sample points in the main basin of the energy landscape (red), explored by Nested Sampling simulations using the LJ type protein model with vdW parameters a) and d): inferred, b) and e): adopted from the CHARMM force field, and c) and f): adopted from the AMBER force field. The estimated energies at room temperature are marked by vertical dashed lines. The helix orientation angle in the crystal structure (21.8 • ) is marked by horizontal dashed lines. While all three simulations explored conformations with an RMSD of as low as 2 Å from the crystal structure, for the simulations with the LJ potential with adopted vdW parameters, the energy landscape splits above the estimated energy at room temperature, indicating a bimodal distribution of the helix orientation angle at room temperature, and for the simulation using the LJ potential with inferred vdW parameter values, the main basin split below the estimated energy at 298 K, indicating a broad unimodal distribution at room temperature. 
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